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An alternative to try out at
 homecoming 

eu du/dx 
ex dx 
cosine secant tangent sine 
3.14159 
integral radical µ dv 
slip stick, slide rule, MIT! 
Go-o-o-o-o Tech! 



Ω: Fractions of the
 unit circle 

Using polar coordinates 



A polar machete 













Example 

 Integrate xy over the part of the unit
 circle in the first quadrant below the
 line y=x. 

 The integrand x y becomes  
           r cos(θ) r sin(θ) = r2 sin(2θ)/2 
 The limits of integration are 
           0 ≤ r ≤ 1, 0 ≤ θ ≤ π/4. 



 Cartesian calculation: 

 Polar calculation: 
Don’t forget! 

Example - compare Cartesian
 and polar integrals  



One of the all-time great integrals 
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In particular,
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A really weird approach.  First we square
 the integral, which we’ll call I: 

Right? 

One of the all-time great integrals 



One of the all-time great integrals 



One of the all-time great integrals 



One of the all-time great integrals 





Averages 

Integrate, but divide by the length (1-D), area (2
-D), or volume (3-D). 

Example:  Your pizza has radius 20 cm and at
 position (x,y) its temperature is  

       80 + 2 x - (x2+y2)/20.  (Celsius) What’s the
 average temperature? 



Averages - some tricks 

Problem:  Find the average of  

     80 + 2 x - (x2+y2)/20  

on the pizza. 

Trick 1.  The integral of f + g is the integral of f +
 the integral of g.  So the ave. of f+g is the ave.
 of f + the ave. of g.  And the ave. of 80 is 80. 



Averages - some tricks 

Problem:  Find the average of  

      80 + 2 x - (x2+y2)/20  

on the pizza. 

Trick 1.  The integral of f + g is the integral of f +
 the integral of g.  So the ave. of f+g is the ave.
 of f + the ave. of g.  And the ave. of 80 is 80. 

Trick 2.  f(x) = x is an odd function, and this is
 an even pizza (not changed by x ↔ -x). So…  



Averages - some tricks 

Problem:  Find the average of 80 + 2 x - (x2+y2)
/20 on the pizza. 

Trick 3.  Use the right coordinate system.  Polar. 



Averages 

Problem:  Find the average of 80 + 2 x - (x2+y2)
/20 on the pizza. 

Answer:  80 + 0 + this integral: 

The average temperature is 70 C. 



Differential equations - another
 reason for double integrals 

O.D.E. I.C. 



Differential equations - another
 reason for double integrals 



t 

s

x 



t 

s

x 

So… 0 ≤t≤s≤x. 

What happens if
 we do s first
 and then t? 



t 

s

x 

So… 0 ≤t≤s≤x. 

What happens if
 we do s first
 and then t? 

Ans: 

s is between t and x.  
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Differential equations - or do you
 prefer integral equations? 



The End	



